Abstract. SPECT (single photon emission computed tomography) using iomazenil (IMZ) as a ligand for benzodiazepine receptors has recently been developed. Feasibility of the technique for detecting neuronal damage in the cerebral cortex was evaluated in 17 patients with cerebral infarction, specifi cally, patients with internal carotid artery (ICA) thrombosis (n=6), middle cerebral artery (MCA) thrombosis (n=5) and embolism (n=6). IMZ SPECT was performed 5 to 17 days after stroke. Fol lowing the injection of 123I-IMZ 167 or 222 MBq intravenously, images were obtained at 15 minutes (early image) and 180 minutes (late image). In 11 cases, 99mTc-HM-PAO (hexamethyl-propylamine oxime) SPECT was also performed to measure cerebral blood flow (CBF). MRI was performed in all cases to elucidate areas of infarct. Early images from IMZ SPECT correlated well with those from HM PAO, suggesting that early scans using IMZ SPECT reflect mainly CBF. In late images from IMZ SPECT, observed lesions were consistent with infarcted areas on MRI in most cases. However, in 3 cases of ICA thrombosis, 1 case of MCA thrombosis and 1 case of embolism, late IMZ SPECT imaging showed that the affected area was wider than apparent infarcts on MRI, indicating that the cerebral cortex, which was intact on MRI, was also involved. In these patients, clinical signs of cortical involvement were observed as well. These results suggest that moderately reduced CBF may affect cortical neurons without inducing apparent infarct, and such damage can be detected with IMZ SPECT. (Keio J Med 47(3): 168-173 September 1998) 
Introduction
It is well established that a central type of benzo diazepine receptor is located specifically on neurons, so any reduction in its binding capacity is considered neuronal loss or damage.1,2 With autoradiographic methods or positron emission tomography, changes in the density of benzodiazepine receptors were reported clinically in human patients with degenerative diseases such as Alzheimer's disease,3 olivopontocerebellar atrophy,4 and Friedreich ataxia. 5 Recently SPECT (single photon emission computed tomography) con structed images of the density and distribution of ben zodiazepine receptors have come into clinical use. 1231 iomazenil (IMZ) is an analogue of flumazenil and binds specifically to the central type of the benzodiaze pine receptor .6-9 Utilizing this SPECT tracer, clinical studies have already been done for patients with epilepsy10 and Alzheimer's disease . 11 Stroke is also a subject of interest in the search for possible application of this ligand. Animal experiments have already been reported that show decreased bind ing to the central type benzodiazepine receptors 2 to 8 days after ischemia. 12 Yet a more precise evaluation of neuronal damage in relation to reduced cerebral blood flow (CBF) and the area of infarct has not been achieved. Moderately reduced CBF might affect the cortical neurons without apparent infarct on CT (com puted tomography) or MRI (magnetic resonance image) in either the acute phase 13, 11 To compare the images with a conventional SPECT image for CBF, SPECT scanning with 99mTc-HM-PAO (hexamethyl-propylamine oxime) was also performed on each patient on one other occasion.
Brain MRI's were taken in all cases to elucidate the infarcted area.
Results

ICA thrombosis
Six patients with ICA thrombosis were studied using IMZ SPECT. opposite side, indicating crossed cerebellar diaschisis (CCD). These results are consistent with previous reports describing how early scans using IMZ SPECT mainly reflect CBF.7 A late image of IMZ in the same patient is shown in Fig. 1c . The tracer accumulation was reduced in the left frontal and parietal cortices, as well as in part of the occipital cortex. Yet on MRI, the infarct was localized to basal ganglia and centrum semi ovale, and the cortex was not involved (Fig. 1d) No heterogeneities in IMZ accumulation were found in the late image from case 2, which was another case of ICA thrombosis (Fig. 1e) . MRI revealed that the infarct was limited to the deep white matter of the left cerebral hemisphere (Fig. 1f) . Clinically, no cortical involvement was apparent. The findings in this case indicate that IMZ accumulation in the late image remains homoge nous when the cortical neurons are intact.
The summarized results from patients with ICA thrombosis are shown in Table 1 . Two patients had cortical infarcts and four had infarcts localized in the deep white matter or basal ganglia (Table 1) . In all cases, early images showed decreased accumulation of IMZ in the territory of the affected ICA. The patterns of reduction corresponded well with that of HM-PAO, suggesting that the early image from IMZ SPECT mainly reflects CBF. In the late images from IMZ SPECT, cases 4 and 6 showed a localized defect of the tracer consistent with the area of infarct on MRI. In these cases, neurons were considered to be completely destroyed by the infarction, resulting in the loss of benzodiazepine receptor binding capacity. Another case, case 2, showed no cortical involvement either in the late IMZ SPECT images or in MRI, even though CBF was decreased in the territory of the ICA. In this case, reduction of CBF is suggested to have been so mild that cortical neurons could survive without loss of IMZ receptors. In the other three cases, 1, 3 and 5, IMZ accumulation in the late image was diffusely decreased in the territory of the affected ICA without apparent cortical infarct on MRI. The patients had clinical signs of cortical involvement which are interpreted as re sulting from degeneration of cortical neurons without infarction.
MCA thrombosis
Among the five cases of MCA thrombosis, one (case 7) showed decreased accumulation in the territory of the MCA in the early scan (Fig. 2a) , and SPECT imag ing using HM-PAO also revealed decreased CBF in the same area. MRI showed no cortical infarcts. In the late image using IMZ SPECT, reduced accumulation per sisted in the affected area (Fig. 2b) , suggesting neuronal degeneration without apparent infarct. Another patient (case 8) had a cortical infarct with an accumulation defect in the corresponding area in the IMZ SPECT late image, indicating neuronal loss in the affected area. The other three cases (9, 10 and 11) had only multiple lacunes in the territory of the MCA without major artery stenosis or occlusion. In these cases, small branches of the MCA were considered to be affected . Cortical involvement in the IMZ SPECT late image was not observed, suggesting cortical neurons were left intact (Figs. 2c and 2d ).
Embolism
Six cases of cardiac embolism were studied. MRI in case 12 showed a hemorrhagic infarct in the MCA ter ritory (Fig. 2h) . In Fig. 2e , the early scan using IMZ SPECT showed high accumulation of tracer in the area of infarction. Since the early image is thought to reflect CBF mainly, hyperemia after recirculation was sug gested. CCD on the opposite side of the infarction was also observed in the image. In this case, HM-PAO SPECT was performed in the chronic phase and could not be compared directly with IMZ SPECT. The HM PAO SPECT image showed decreased CBF in the infarcted area (Fig. 2f) . In the late scan of IMZ SPECT, decreased accumulation was observed in the infarcted area (Fig. 2g) .
Five patients (case 12, 13, 14, 15 and 17) had cortical infarction, and in all patients, the IMZ accumulation in the late image was low in the affected cortical area, suggesting necrosis of neurons in the area. The infarct in case 16 was localized in the deep white matter, while the accumulation of IMZ in the late scan was decreased in the cortex adjacent to the infarct. This also may have been due to moderately reduced cortical CBF affecting the neurons without apparent infarct.
Discussion
The results of the present study are summarized as follows: (1) In patients with cerebral infarction, early scans using IMZ SPECT mainly reflect CBF. (2) Late images using IMZ SPECT are useful for detecting neuronal degeneration of the cortex , especially when moderately reduced CBF has induced neuronal damage without apparent infarct on MRI. (3) The two rules above can be applied to major artery thrombosis as well as embolism. 
